Objectives: Using routinely collected data, we evaluated a nationally implemented intervention to assist health care workers and caregivers with HIV disclosure to children. We assessed the impact of the intervention on child's knowledge and health outcomes.
INTRODUCTION
In 2014, there were an estimated 2.6 million children younger than 15 years living with HIV and 190,000 children became infected. 1 HIV-infected children and adolescents have unique social and psychological issues that could affect their adherence to antiretroviral treatment (ART) and health outcomes. [2] [3] [4] One particular issue that may influence pediatric outcomes is knowledge of their own HIV status. Evidence suggests that a healthy disclosure process can improve physical and psychological health. Timely and supportive disclosure may improve treatment adherence, retention in care, psychological adjustment, family relationships, and morbidity and mortality in HIV-infected children and adolescents. [5] [6] [7] [8] [9] [10] [11] [12] However, disclosing an HIV-positive status to a child remains a global challenge. In high HIV prevalence settings, most perinatally HIV-infected children and adolescents are unaware of their diagnosis, including those who attend regular clinic visits and take ART. 9, [12] [13] [14] [15] There are several barriers to pediatric HIV disclosure, including caregiver fears and lack of health care worker (HCW) knowledge and tools for disclosure. Caregivers are reluctant to disclose because of potential to experience HIV stigma, guilt regarding transmission, uncertainty in how to disclose, and fears of negative child reactions or questions the child may ask. 9, [16] [17] [18] [19] [20] [21] [22] [23] In addition, high-volume pediatric HIV clinics often lack systematized processes or standardized materials for disclosure, making disclosure a challenging task for overburdened HCWs. 4, [22] [23] [24] Interventions that address caregiver fears, as well as provide more training and standardized materials to HCWs, may help to improve disclosure rates and experiences and improve child outcomes. To date, limited peer-reviewed literature describes disclosure interventions and their associated outcomes.
After a rapid expansion in ART access for children, HCWs in Namibia noted that they were unprepared for dealing with complex issues associated with telling an HIVinfected child their diagnosis. To address these concerns, the Namibian Ministry of Health and Social Services (MOHSS) HCWs who were providing pediatric HIV services, and the International Education and Training Center for Health (I-TECH), collaboratively and iteratively developed a pediatric HIV disclosure intervention. In 2010, the MOHSS introduced the intervention into routine pediatric HIV services.
We have previously published evaluation data describing how the intervention improved HCW and caregiver's confidence and communication skills for pediatric disclosure. 25, 26 In this retrospective study, we evaluated the impact of the intervention on child knowledge of their HIV status, adherence to ART, and viral suppression, using the most complete routine service delivery data available.
METHODS

Intervention Design and Evaluation Sites
The evaluation was conducted at 4 high-volume HIV clinics in Namibia: Onandjokwe, Oshakati, Engela, and Katutura. Evaluation sites were selected based on the timing of intervention roll-out and pediatric HIV patient volumes. Details of the intervention design and evaluation sites have been previously described. 25, 26 Briefly, the disclosure intervention is intended to be used with children aged 6-18 years. The centerpiece of the intervention is a 5-chapter cartoon book which uses empowering language and metaphors of body soldiers being strengthened by medicine [antiretroviral medications (ARVs)] and keeping the "bad guys" (HIV virus) asleep. The further the child progresses in reading the book, the more information about his or her disease and the role of medications is revealed. It is not until Chapter 5 that the words "HIV" or "ARV" are mentioned. A portion of the book is read, or reread, at each visit by a HCW until the caregiver and child are ready to read Chapter 5 in which full disclosure occurs. The chapters are read in a highly interactive manner with each one taking approximately 5-10 minutes to complete the first time it is read.
A disclosure form is attached to the patient care booklet on which the HCW notes how far in the disclosure book the child has gone at each visit and why the child thinks they are taking medicine. These notations help HCWs check comprehension and strengthen continuity across visits. A readiness assessment form helps HCWs assess the child's and family's readiness to engage in the full disclosure process. The intervention also includes HCW training on pediatric disclosure and the intervention tools. There is variation in how the intervention is implemented at each site because of site-specific contexts. For example, in facilities where children are unaccompanied by caregivers at their clinic visit, book chapters 1-4 are frequently used in group education settings for children. Although the intervention is implemented in all sites, the completeness of routine documentation associated with the intervention varies widely.
Ethical Considerations
The Namibian MOHSS Ethics Review Committee reviewed and approved the study. Given that the disclosure intervention had been implemented nationally by the Namibian MOHSS as part of routinely offered pediatric HIV treatment services, the University of Washington Institutional Review Board determined that the evaluation of this program was not human subjects research.
Data Collection
Data for this evaluation was abstracted between September and December of 2013 from routinely collected programmatic data. Data sources included patient charts and 3 national electronic databases: (1) the National Institute of Pathology database that contains all HIV viral load (VL) test results performed in the country, (2) the electronic Patient Management System (ePMS) that stores general contact and demographic information on all children enrolled in HIV care, and (3) the Electronic Dispensing Tool (EDT) which contains prescription and medication information for all HIVinfected children receiving medications. Initial participant lists for each of the 4 target clinics were generated by searching the ePMS database and identifying all children with birth dates within the appropriate date range (age 7-15 years at the time of data abstraction) who had been on ART for at least one year. Data abstractors pulled patient charts and verified and abstracted demographic data for all children identified through the ePMS database. Children missing patient files were excluded from the evaluation.
We abstracted data for 2 components of evaluation: (1) a disclosure process evaluation to determine disclosure outcomes and changes in medication knowledge and (2) a clinical outcome evaluation to assess the impact of partial and full disclosure on CD4 count, VL, and adherence to ART. Children were included in the disclosure process evaluation if they had at least one HIV VL in the National Institute of Pathology database within the previous 6 months and documentation of initiating the disclosure intervention at least 13 months before the date of abstraction. Of the children included in the disclosure process evaluation, children included in the clinical outcomes evaluation met additional inclusion criteria. The clinical outcome analysis was limited to children enrolled in the intervention during 2011 who had preintervention and postintervention initiation VL, CD4, and/ or adherence data. The 2011 enrollment cutoff was selected so that children had at least 2 years of follow-up postintervention initiation at the time of data abstraction ( Fig. 1) .
Adherence scores were calculated using pill pick-up and dispensing information found in EDT and the following formula provided by the MOHSS:
Adherence Score ¼ ½ðPPC þ QDÞ-PC=ðCNPPD · DÞ PPC = Previous pill count PC = Current pill count QD = Quantity dispensed D = Days since last visit CNPPD = Number of pills per day Children in Namibia begin receiving tablets at ages 3-4 years or earlier. Therefore, all children in this analysis should have been on tablets. A select few reported visits in the EDT database included syrups for enrolled children, and those visits were removed before adherence analysis.
For children documented as initiating the disclosure intervention, disclosure status was classified as full or partial. Children who specifically mentioned that they took medication for HIV or had the full disclosure box checked and a corresponding date listed that was at or before enrollment in the intervention program were considered fully disclosed at baseline. Children participating in the program were asked if they knew why they took their medicine at each visit, and responses were recorded. Children characterized as having reached full disclosure during the intervention period had the full disclosure box checked and an appropriate date listed, had a record of reading the intervention booklet chapter where HIV is named, or a recorded response to the question "why do you take your medicine?" that included the word HIV. All other children enrolled in the intervention program were characterized as being partially disclosed.
Data Analysis
Data abstracted from patient charts and electronic medical record databases were analyzed using Intercooled STATA version 13.0 (College Station, TX). Descriptive statistics were used to summarize the data on disclosure process outcomes. Correlates of partial vs. full disclosure were determined using univariate logistic regression, and variables statistically significant (P # 0.05) in univariate analyses were included in a multivariate logistic regression model. Variables were assessed for collinearity before being included in the multivariate model, and only one variable from collinear groupings was selected to be included in the multivariate model. For the subset of children enrolled in the disclosure program during 2011, paired t-tests and McNemar tests were used to compare mean differences in adherence scores, CD4 counts, CD4 percent, and log VLs or the proportion of children virally suppressed or considered adherent before versus after enrollment into the intervention. We evaluated virologic success using 2 categories of clinical significance: 100 copies per milliliter and 1000 copies per milliliter. These categories reflect the WHO threshold for virologic suppression (#1000 copies/mL) and good viral suppression (#100 copies/mL). Children were considered adherent if they had a mean adherence percentage at or above 80% during the time period described.
RESULTS
Cohort Characteristics
Of the 1466 children screened for inclusion in the evaluation, only 314 satisfied all inclusion criteria (Fig. 1) . The median age of children was 12 years, and approximately half (47%) were female (Table 1) . Most children (89%) included came from 2 clinics, Katutura and Engela. More than 50% of the children had been on ART for more than 6 years. Only 64% of the study participants had a CD4 count or percent recorded within 1 year before data abstraction. Almost half (46%) of children had VLs at or below 100 copies per milliliter, and an additional 18% were suppressed at or below 1000 copies per milliliter. The median time since last VL ascertainment was 3.3 months.
Disclosure Process and HIV Knowledge
At the time of data abstraction, the median time of enrollment in the intervention was just below 3 years (Table  1) . Most children (89%) had more than 1 visit recorded in the disclosure tracking form. For children with multiple entries, the median number of entries tracking responses to the question "Why do you take your medicine?" was 5, and the average time between entries was 4.6 months. At enrollment, only 34 children (11%) knew their HIV status. During their time enrolled in the program, there was documented full disclosure to 120 (43%) children. The average time to full disclosure was approximately 2.5 years. When stratified by age, only 20% of children aged 7-10 years were fully disclosed during the course of the intervention compared with 57% of children aged 11-15 years (P , 0.001). However, among those who reached full disclosure, the average time to full disclosure was not significantly different between younger and older children (29 vs. 31 months, respectively; P = 0.40). Just below half (48%) of the children who were disclosed after Children in Namibia have 2 clinically significant measures for VL values. VLs below 100 copies per milliliter are considered to be suppressed. VLs above 1000 copies per milliliter indicate that the child needs additional adherence and counseling interventions. *Among children who have a CD4 measurement recorded #1 year before data abstraction. †VL values were from #7 months before the date of data abstraction. ‡ARV regimens-first line regimens: AZT/3TC/EFV (n = 7), AZT/3TC/LPV/r (n = 2), AZT/3TC/NVP (n = 53), D4T/3TC/EFV (n = 3), and D4T/3TC/NVP (n = 18); second line regimens: ABC/AZT/3TC/LPV/r (n = 5), and ABC/DDI/LPV/r (n = 1). §Among children who had more than 1 visit recorded during the intervention. kAmong children who did not know their status at enrollment.
¶Among children who did not know their status at enrollment and reached full disclosure; 1 child missing disclosure date information. ABC, abacavir; AZT, azidothymidine; DDI, didanosine; EFV, efavirenz; IQR, interquartile range; NVP, nevirapine; LPV/r, lopinavir/ritonavir; 3TC, lamivudine. enrollment into the intervention had a record of reading Chapter 5 of the intervention booklet, suggesting that many caregivers may have decided to disclose to their children outside the clinic setting, which is one of the options discussed with individual caregivers as part of the intervention.
Correlates of Full Disclosure
Children who reached full disclosure during the course of the intervention were similar to children who remained only partially disclosed with respect to sex and CD4 count measurements (Table 2) . Children who reached full disclosure were almost 1.5 years older at enrollment and at the time of data abstraction (P , 0.001 for both) and had been in HIV care [odds ratio (OR): 1.33, P , 0.001] and on ART for longer (OR: 1.36, P , 0.001). More children from the clinic at Katutura were fully disclosed compared with those from the other 3 clinics. Whether evaluated continuously or as clinical cutoffs below 100 copies per milliliter or 1000 copies per milliliter, children with lower VLs were more likely to have been fully disclosed during the course of the intervention. Children enrolled in the intervention longer (OR: 1.08, P , 0.001) and who had more intervention visits (OR: 1.26, P , 0.001) were more likely to reach full disclosure.
Knowledge Changes During the Intervention
At their first visit, more than half (61%) of children had no knowledge or incorrect knowledge of why they take their medications (Fig. 2 ). This included responses in which the child reported that they did not know why they took medicines or reported taking medication for another ailment such as cough or malaria. Initially, only 10% of children used HIV-specific terms to describe why they take medications, and 16% used basic health and wellness descriptions. By the last visit recorded before data abstraction, the number of children who had no knowledge or incorrect knowledge of fwhy they take their medicine dropped to 18%. Of 153 children who did not know why they took medications initially, 42% became fully disclosed and used HIV-specific language, while 34% adopted language specific to the disclosure program.
Clinical Outcomes
The 92 children included in the preanalysis or postanalysis of VL and adherence measures had been on ARVs for at least 18 months at the time of enrollment into the intervention and had at least one VL or adherence measurement during 2 periods of assessment time: (1) 12 months before enrollment in the intervention and (2) 0-12 months after intervention enrollment or 12-24 months after intervention enrollment. A total of 59 children contributed data to the VL analysis. Although we found no significant difference between pre-enrollment and postenrollment VL measurements 0-12 months after enrollment (P = 0.896), we did find that VL measurements significantly decreased from pre-enrollment measurements by 0.5 log 10 copies per milliliter (P = 0.004) by 12-24 months after enrollment into the disclosure program. We also observed a decrease in P-values ,0.05 are bolded. *Analyses adjusted for age, time on ART, VL, and time enrolled in disclosure intervention. †Among 242 children (partial = 116 and full = 126) who had HIV enrollment dates. ‡Among 117 children (partial = 99 and full = 18) who had CD4 measurements taken #1 year before disclosure or the date of data abstraction, whichever came first. §Among 227 children (partial = 160 and full = 67) who had a VL recorded #1 year before disclosure or the date of data abstraction, whichever came first. kAmong 278 children (partial = 136 and full = 142) who had more than 1 entry recorded. aOR, adjusted odds ratio.
VL measurements between 0-12 months after enrollment and 12-24 months after enrollment (P = 0.053). When evaluating sustained viral suppression at or below 1000 copies per milliliter during the 12-month period before and after enrollment, we saw no effect of enrollment in the intervention on virologic failure. Although not statistically significant, we observed slightly improved viral suppression at or below 100 copies per milliliter when comparing viral suppression before enrollment to 12-24 months after enrollment (P = 0.103). By 12 months after intervention, 18 (30%) children had reached full disclosure, and 8 more children reached full disclosure by 24 months. We saw no statistically significant association between full disclosure status at 12 months and mean VL values or proportion of children virally suppressed during the 12-24-month period after intervention enrollment. Data from 89 children contributed to the adherence analysis. At enrollment, 83 of these children were on first line regimens and 6 were on second line regimens. When evaluating calculated adherence percentage measurements before and after enrollment, we observed a significant adherence percentage increase over pre-enrollment measurements by 8% (P , 0.001) by 0-12 months after enrollment into the disclosure program and by 10% (P , 0.001) by 12-24 months after enrollment (Fig. 3) . There was no significant difference between adherence percentages 0-12 months and 12-24 months after enrollment.
When evaluating adherence measures categorically (mean adherence $80%), we also observed a significant increase in the proportion of children adherent to medications during the 12 months (P , 0.001) and 24 months (P , 0.001) after enrollment. By 12 months and 24 months after intervention, 22 and 31 children, respectively, had reached full disclosure. We did not observe statistically significant differences between full disclosure status and adherence measurements between the 12 months before enrollment and 12 months or 24 months after enrollment into the disclosure program. We saw no significant differences in CD4 counts or percent over these periods.
DISCUSSION
This evaluation provides additional support to previously published qualitative results indicating that this HIV disclosure intervention was beneficial to pediatric patients, their primary caregivers, and health providers. Previous publications cited caregiver and HCW descriptions of how the disclosure intervention improved their care of HIVinfected children and reports of children's improved adherence to care and treatment. 25, 26 The analysis presented here contributes clinical outcome, quantitative data describing statistically significant improvements in adherence measurements before and after enrollment into the intervention. Children exhibited better adherence by 12 and 24 months after the initial exposure to the intervention. Children also showed improved VL measurements between pre-enrollment and postenrollment into the intervention, although these changes were not statistically significant when evaluated at a threshold of #1000 copies per milliliter or #100 copies per milliliter, measuring virologic success. Interestingly, when evaluating continuous measures of VL and adherence, we saw improved adherence measurements preceding improvements in VL. Although nonintervention studies have also shown that disclosure of HIV status is associated with improved adherence to ART regimens among children and adolescents, 6,10 our study is the first to evaluate changes in adherence longitudinally before and after the introduction of a disclosure intervention.
In evaluating knowledge of why they take their medicine over time, we found that there was a dramatic decrease in the number of children who did not know why they took their medicines. Our data, captured from routine tracking of pediatric patient knowledge which is a component of the intervention, depict the evolution of patient thinking about adherence and can directly relate it to the intervention's communication and education strategy, thus unpacking the "black box" of programmatic interventions. 27, 28 After exposure to the intervention, most children changed responses and either related their partial understanding to terminology described in the disclosure book (to keep bad guys asleep and/or soldiers strong) or had documented full disclosure. We found that almost half of the children enrolled in the program had reached full disclosure by the time of data abstraction. This is almost 4.5 times the number of children who knew their status at enrollment. Similarly to other studies, we saw that younger children were fully disclosed less frequently than older children. 13, 14, [29] [30] [31] [32] Guidelines and current literature suggest that disclosure should be a guided step-by-step process, progressing from partial to full disclosure depending on caregiver readiness and child's maturity. 33, 34 However, this is the first study of a disclosure intervention implemented at scale (nationally) to provide a description of the length and steps in that process. Our study found that the average length of time from partial to full disclosure was almost 2.5 years. Interestingly, our study did not find that the time to full disclosure differed by age. Rather, the time required to reach full disclosure may instead reflect the frequency that children attend clinic visits, the need to overcome caregiver barriers to disclosure, and variable child readiness for full disclosure, regardless of age.
This evaluation does not have the generalizability of a randomized control trial. The data on which the findings presented in this article are based were drawn from routinely collected patient information, based on health care service delivery as routinely implemented in busy practice settings. Thus, we were limited on the variables we were able to evaluate, the time when variables were collected, and the number of participants we were able to include. Unfortunately, no data on who performed disclosure was collected, FIGURE 3. Panel A, Mean summary of adherence or VL measurements during the period specified. Includes only children who have measurements collected during all 3 periods. Panel B, Percent of children adherent (defined as mean adherence $80%) or with sustained viral suppression (defined as all VL measurements #1000 copies/mL or #100 copies/mL) during the period specified. Includes only children who have measurements collected during all 3 periods. Panel C, Paired t-tests and McNemar tests comparing adherence and VL measurements during the periods specified for all children with data recorded during the 2 periods specified.
and we were unable to assess the location where disclosure happened. However, despite these limitations, the results of this study are promising and demonstrate that disclosure can impact clinical outcomes and improve HIV knowledge in children and adolescents. Analysis of each of 3 key variables indicates a consistent picture of a disclosure intervention that facilitates the disclosure process in such a way as to improve adherence and decrease VL. The fact that the intervention was successful in nonresearch settings suggests that while some specific intervention content adaptation would be necessary for different cultural contexts, major adaptations for "real world" implementation would not.
CONCLUSIONS
There is an urgent need to develop interventions to assist HCWs with the challenging but crucial process of HIV disclosure to children and adolescents. Throughout SubSaharan Africa, HCWs are reporting challenges with HIV disclosure. The Namibia HIV disclosure intervention seems to have improved disclosure rates, child knowledge of why they take their medicine, VL, and adherence measurements for children enrolled in the disclosure program. The Namibian disclosure intervention may provide a helpful example of what could be adapted and used in other settings.
